There is evidence that not all spectrophotometrically detectable phytochrome must be transformed to the Pfr form for saturation of various physiological responses (2, 5). The light energy necessary to saturate a shift in physiological sensitivity of corn phototropism was more than two orders of magnitude less than the amount (about I x IO-' E cm-2) required to transform a detectable amount of phytochrome (1). The irradiance of R2 needed for a threshold effect on corn phototropism (I x 10-12 E cm-2) actually exceeded by a factor of 3 the irradiance needed for a threshold effect on the geotropic response of oat coleoptiles (3.3 x l0-':3 E cm-2) (12) . Several studies with Alaska pea seedlings have indicated that there are discrepancies between the amount of detectable phytochrome phototransformation or the measurable amount of Pfr and the degree of physiological response (4, 5) .
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The purpose of the present study is to determine whether phytochrome can in some way affect geotropic sensitivity in pea epicotyls and if so, what levels of Pfr are required. A related question is whether the large discrepancies mentioned above for the amounts of Pfr required for physiological action in corn and oat tropisms versus the total phytochrome present were a peculiarity of coleoptiles, or could be detected in other tropic systems as well. 
MATERIALS AND METHODS

RESULTS
The rate ofdevelopment of geotropic curvature for pea epicotyls was determined in order to select a treatment producing maximum curvature. It was reasoned that with such a treatment, any effect of R might also be maximized. The development of curvature during 160 min of geostimulation is shown in Figure 1 . Three things are clear from these results: (a) curvature development is almost linear at least for 2.5 hr; (b) curvature is maximal under these conditions at 160 min; (c) 3-min R given immediately prior to the beginning of geostimulation was without effect.
In the next experiments, R-treated plants were kept vertical for a dark incubation period prior to geotropic stimulation to determine whether a R-induced change in geotropic sensitivity might develop, and if it did, to determine what the time course for this development might be (Fig. 2) 3.3-3.8 cm) were either used as dark controls, irradiated with 5-min R (dose: 2.6 x 106 ergs cm 2) or 5-min R followed by 10-min FR (dose: 1.6 x 106 erg cm-2) ( Table I ). The 10-min FR irradiation was administered during the first 10 min of the post-R treatment incubation period, in these experiments, 30 min total. In both experiments, the effect of R was completely reversed by FR.
To obtain a dose response curve for the effect of R on the geotropic response, plants were given R (5.4 x 10-" E cm-2 sec') for various times, kept vertical for 45 min in darkness, and then placed horizontal for geotropic stimulation and subsequent shadowgraphing as described above. Figure 3 shows (6) . To improve the sensitivity ofthe measurement ofphytochrome transformation, samples consisting only of hooks were harvested following R treatment. A R exposure of 10 sec still failed to produce any measurable phototransformation. These results represent further evidence that only a small fraction of the total phytochrome need be transformed to Pfr to yield saturation of the physiological response, a change in geotropic sensitivity. A R dose insufficient to transform measurable phytochrome is nevertheless enough to produce over 40% of the possible physiological response. Sufficient R to give 50% phytochrome transformation is almost saturating for the change in geosensitivity (Fig. 3) .
DISCUSSION
There are numerous studies of the effects of R on the tropic responses of dark-grown seedlings. On the one hand, R increases the sensitivity of the second positive phototropic response of corn (1, 3) and oat (13) coleoptiles, increases the geotropic reactivity of etiolated mustard seedlings (7), and increases the geosensitivity both of Convolvulus (11) and corn (9) roots. R decreases the sensitivity of the first positive phototropic response of corn (3) and oat (13) coleoptiles, decreases the geotropic reactivity of Tropaeolum shoots (10) , and decreases the geosensitivity of the first internode of etiolated pea seedlings (present work). Until now, only in corn have dose response curves been obtained in parallel for R-induced alteration of tropic sensitivity and for phytochrome phototransformation (1). As mentioned above, the results showed that only a minute fraction of the total phytochrome need be transformed to Pfr to saturate the response. The threshold R dose necessary to alter geotropic sensitivity in oats (12) ical response. This relationship obtains although the corn phototropic system is far more sensitive than the geotropic system of peas (irradiance for 50% response in corn: 3 x 10 2 E cm2 (1); for 50% response in pea, 9.5 x 1010 E cm-2). Other than extending parallel measurements of transformation and potentiation of response to a plant organ other than a coleoptile, and showing that the same discrepancy exists, these experiments still do not form an adequate basis on which to build a testable model. The "Zea paradox" as discussed by Hillman (5) over 10 years ago is now formally extended to Pisum, but remains a paradox.
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